Pulsed laser beams have many applications in areas such as communications, spectroscopy, chemistry, plasma fusion and microscopy. The pulse length has continuously been reduced to the level of only a few cycles, or even of less than one cycle as is the case of terahertz beams. The usual theory for short pulses which assumes that the propagation of all spectral components of the pulse can be considered in a manner that is independent of the wavelength is valid only for pulses of many cycles. For ultrashort pulses, however, this theory breaks down, and we must consider how the individual spectral components propagate. Thus, one cannot treat short pulses as continuous beams; in order to fully describe the behaviour of ultrashort pulses in a system, a deep understanding of the propagation, imaging properties and diffraction effects of these pulses are needed. In the literature, many aspects related to propagation and diffraction of ultrashort pulses have been studied. Although diffraction studies of the integrated intensity of the whole pulse have been done, there is, as far as we know, no detailed study on the evolution in time of the diffraction pattern. This is mainly due to the fact that, because of the high frequency oscillation of the light field, no detector in the optical regime is available that can resolve the temporal evolution of the diffracted pattern. But this evolution may play an important role in understanding the fast dynamics of the interaction of light and matter. Also, a direct detection of the evolution of the diffraction pattern may be achieved with terahertz pulses with only one or less than one cycle, since the time domain is considerably larger than in the optical regime and thus the time dependent detection becomes realisable.
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In this paper, we analyze the evolution in time of the diffraction pattern of an ultrashort pulse through a circular aperture in the Fresnel regime. In the case of a very short pulse, the diffraction pattern is not a simple Airy disc and it is also not constant in time; it has a temporal evolution as the pulse hits the aperture. This effect is due to the difference in the propagation time of the wavelets that originate from different points of the aperture to a point at the observation plane. We derived an analytical expression for the whole diffraction pattern as a function of time, so that the build-up of the diffraction pattern at a screen behind the aperture can be seen starting at the arrival of the pulse at the aperture and following it until the pulse ends.
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